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SPECIFICATION 

OBLIQUE CONTACT DOUBI.E ROW BALL BEARING AND 
METHOD OF IMPARTING PRELOAD IN THE BALL BEARING 

5 

FIELD OF THE INVENTION 

[l] The presen-b ±nvent:±on relat:es to an oblique cozi-tacb 
double row ball bearing for suppor'blng sl pinion shaft: of a 
differential device addl1::lonally provided In a vehicle or the 
10 like under a free ro-tatlon, more specifically to. an oblique 
contact double row ball bearing In which pitch circle diameters 
of double rows are different to each other. In other words, 
raceway diameters of the double rows are different to each other , 
and a method of Inrpartlng a preload to the ball bearing. 

15 

BACKGROUND OF THE INVENTION 

[2] A tapered roller bearing Is used as a roller bearing 
for supporting a pinion shaft of a differential device 
additionally provided in a vehicle, or the like under a free 

20 rotation . The tapered roller bearing has a large load capacity , 
however, its rotation torc[ue is large. Therefore, an oblique 
contact ball bearing (an^lar contact ball bearing) may be 
Incorporated into the differential device or the like In place 
of the tapered roller bearing (for example, see the Patent 

25 Document 1 ) , or an obllque'contact double row ball bearing called 
a tandem double row ball bearing In which pitch circle diameters 
of double rows are different to each other. In other words, 
raceway diameters of the double rows are different to each other , 
may occasionally be Incoirporated Into the differential device 

30 or the like. 

[3] The oblique contact double row ball bearing having the 
pitch circle diameters different to each other is effectively 
used particularly for the opinion shaft of the differential 
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device or the like because the rotation torque thereof Is 
smaller than that of the tapered roller bearing and the load 
capacity Is sufficiently large. 

[4] In the case of Incorporating these bearings Into the 
differential device, the bearings are managed and stored In 
a state where a preload as prescribed Is applied thereto . 

Patent Document 1: No. 2003-156128 of the iJapanese 

Patent Application Iiald-Open 

DISCLOSURE OF THE INVENTION 

PROBLEM TO BE SOLVED BY THE INVENTION 

[5] The preload Is controlled (adjusted) In the bearing 
through the measurement of the rotation torque of the bearing . 
Therefore, a range where the preload Is set Is Increased as 
the rotation torque Is larger , which facilitates the adjustment . 
As described earlier , the tapered roller bearing Is advantageous 
In Its large load capacity and at the same time the rotation 
torque thereof Is large. As a result, the adjustment range 
of the preload to be set with respect to the bearing is large, 
which makes it easy to control the preload. However, in the 
oblique contact ball bearing, which has the structure of the 
ball bearing, the rotation torque is small and the adjustment 
range of the preload to be set with respect to the bearing Is 
thereby reduced. As a result. It Is difficult for the preload 
to be set with a high accuracy. 

[6] A main object of the present invention is to facilitate 
the control of the preload in the oblique contact ball bearing . 

MEANS FOR SOLVING THE PROBLEM 

[7] In order to achieve the foregoing object, an oblique 
contact double row ball bearing according to the present 
invention comprises double rows of balls axlally Interposed 
in raceways of inner and outer rings , wherein an Inner clearance 



be 'tween -the balls in one of t:he rows and -blie raceway ±n which 
"the balls are rolled, and an Inner clearance bet:ween -the balls 
±n -the o-bher row and t:he raceway ±n which -the balls are rolled 
are different: -to each either . 

[8] In a me-thod of iaKpar-ting a preload -to -the oblique con-tact 
do-uble row ball bearing according -to -the present: inven-tion, 
-the inner clearance be-tween t:he balls in one of t:he rows and 
t:he raceway of t:he inner and oul^er rings corresponding t:o tJie 
one of -the rows in which -the balls are rolled, and -the inner 
clearance be-tween t:he balls in -the otJier row and tJie raceway 
of -the inner and out:er rings corresponding -to t:he ot:her row 
in which -the balls are rolled, are set: l^o be differen-t -to each 
o-ther, and t:hen a load is given to -the inner and outer rings 
so that t:he inner clearances are sequentially reduced in order 
to provide the preload to the inner and outer rings. 
[9] In the oblique contact double row ball bearing according 
to the present invention, any one of the clearances may be 
reduced earlier than the other. 

[lO] The preload to be imparted to the bearing is generally 
obtained through measurement of a rotation torque. The case 
of imparting the preload to the oblique contact double row ball 
bearing is considered here. In this case, when a thrust load 
S to be imparted to the inner and outer rings is hypothetically 
a ^^S2" value , comparison of an adjustment range ^^Tl" of a rotation 
torque T in a conventional oblique contact do-uble row ball 
bearing to an adjustment range ^^T2" of the rotation torque T 
in t;he oblique contact double row ball bearing according to 
the present invention, which correspond to the ^^S2'' value, it 
becomes T2 > Tl . Therefore, when it is tried to obtain the 
same preload, the preload can be adjusted in the range wider 
in the oblicpie contact ball bearing according to -the present 
invention than -that of the conventional oblique contact ball 
bearing, which consequently makes it easy to iinpart -the preload 



wl-th a h±gh accuracy. 

[ll] In addition, the preload may be set while the thrust 
load "S2" Is being adjusted In the range of CsiD — CSSJ In view 
of Its tolerance In setting the preload. Such a case Is 
considered . Comparing an adjustment range Ct3] of the rotation 
torque T In the conventional bearing to an adjustment range 
CT4!] of the rotation torque T In the bearing according to the 
present Invention, T4 > T3 Is obtained. When It Is tried to 
obtain the same preload, the adjustment range of the rotation 
torcpie T (In other words, adjustment range of the preload) Is 
Increased In the bearing according to the present Invention 
In comparison to that of the conventional bearing . As a result , 
the preload can be easily and accurately Imparted. 

EFFECT OF THE INVENTION 

[12] According to the present invention, the preload can be 
adjusted in the adjustment range wider than that of the 
conventional oblique contact bearing by making the rotation 
torque large, and the preload can be thereby accurately and 
easily imparted. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[13] Fig. 1 Is a sectional view illustrating a schematic 
constitution of a differential device according to a preferred 
embodiment of the present invention. 

Fig . 2 is a sectional view in which double row ball bearings 
in the differential device are enlarged. 

Fig. 3 is. a sectional view in which the double row ball 
bearings are further enlarged. 

Fig. 4 is a sectional view illustrating a state where 
the double row ball bearings are being assembled. 

Fig. 5 is a graph showing a relationship between a thrust 
load and a rotation torque. 
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PREFERRED EMBODIMENT OF THE PRESENT INVENTION 
[15] A preferred embodiment: of the present: Invention Is 
described referring to the drawings. Fig. 1 Is a sectional 
view Illustrating a schematic constitution of a differential 
device. Fig. 2 Is a sectional view In which double row ball 
bearings are enlarged. 

[16] As shown In Fig. 1, a differential device 1 comprises 
a differential case 2 . The differential case 2 coniprlses a 
front case 3 and a rear case 4 . These cases 3 and 4 are coupled 
to each other by a bolt / nut 2a so as to thereby be Integrated. 
Annular walls 27A and 27B In which ball bearings are applied 
are formed In the front case 3. 

[17] The differential case 2 comprises Internally a 
differential speed-change mechanism 5 for differentially 
gearing right and left wheels , and a pinion shaft (drive pinion) 
7 having a pinion gear 6 on one side thereof. The pinion gear 



6 is meshed with a ring gear 8 o£ -the differential speed-change 
mechanism 5. A shaft part 9 of the pinion shaft 7 is formed 
in a stepwise shape so that a diameter thereof is gradually 
reduced on the other side than one side thereof. 

[18] The one side of the shaft part 9 of the pinion shaft 

7 is supported by the annular wall 27A of the front case 3 so 
as to freely rotate around an axial center via a first double 
row ball bearing 10 . The other side of the shaft part 9 of 
the pinion shaft 7 is supported by the annular wall 27B of the 
front case 3 so as to freely rotate around the axial center 
via a second double row ball bearing 25. 

[19] As shown in Fig. 2, the first double row ball bearing 
10 is an oblique contact double row ball bearing, and comprises 
a single f irst oute± ring 11 fitted to an inner peripheral surface 
of the annular wall 27A and a first assembly component 21 . The 
first assembly cotiponent 21 is assembled into the first outer 
ring 11 from the pinion-gear side toward the opposite side of 
the pinion gear 6 (hereinafter, referred to as 
counter-pinion-gear side) along an axial direction so as to 
thereby constitute the first double row ball bearing 10. 
[20] The first outer ring 11 has a strucbure of a counterbored 
outer ring. More specifically, the first outer ring 11 
comprises a large diameter outer ring raceway 11a on the 
pinion-gear side and a small diameter outer ring raceway lib 
on the counter-pinion-gear side. A planar part 11c is formed 
between the large diameter outer ring raceway 11a and the small 
diameter outer ring raceway lib. The planar part 11c has a 
diam eter larger than that of the small diameter outer ring 
raceway lib and continuous to the large diameter outer ring 
raceway 11a. An inner peripheral surface of the first outer 
ring 11 is thus formed in the stepwise shape. 
[21] The first assembly component 21 comprises a single first 
inner ring 13, a large-diameter-side row of balls 15, a 



small-diameter-side row of balls 16, and retainers 19 and 20. 
The first inner ring 13 has a structure of a counterbored inner 
ring. More specifically, the first inner ring 13 comprises 
a large diameter inner ring raceway 13a and a small diameter 
inner ring raceway 13b. The large di ameter inner ring raceway 
13a faces the large di ameter outer ring raceway 11a in a radial 
direction. The small diameter inner ring raceway 13b faces 
the small di. ameter outer ring raceway lib in a radial direction . 
A planar part 13c is formed between the large diameter inner 
ring raceway 13a and the small diameter inner ring raceway 13b. 
The planar part 13c has a di ameter larger than that of the small 
diameter inner ring raceway 13b and continuous to the large 
di ameter inner ring raceway 13a. An outer peripheral surface 
of the first inner ring 13 is thus formed in the stepwise shape . 
[22] The large-diameter-side row of balls 15 are fitted to 
place on the pinion-gear side, in other words , between the large 
diameter outer ring raceway 11a and the large diameter inner 
ring raceway 13a. The small-diameter-side row of balls 16 are 
fitted to place on the counter-pinion-gear side , in other words , 
between the small diameter outer ring raceway lib and the siaall 
diameter inner ring raceway 13b. 

[23] In the first double row ball bearing 10, a contact angle 
of the row of balls 15 and a contact angle of the row of balls 
16 have a same direction. In other words, a line of action 
7^1 in accordance with the contact angle of the row of balls 
15 and a line of action Y 2 in accordance with the contact angle 
of the row of balls 16 face each other in a such a direction 
that an angle 01 (not shown) made by the lines of action Y 
1 and X2 is 0** or an acute angle (0** ^dl<90*' ). Such a 
constitution is adopted so that a preload is imparted to the 
both rows of balls 15 and 16 in a same direction (in the present 
case, direction from the pinion-gear side toward the 
counter-pinion-gear side) . Further, the lines of action Y 



1 and Y2 are 'tll'ted ±n such a d±rect:±on -that: ou-ber-di ame-ber 
sides -thereof are on iihe count:er-p±n±on-gear side and 
Inner-dlcune'ter sides -thereof are on 'the plnlon-gear side wl-th 
respect to a thrus-t surface. To be brief, t:he lines of action 
5 ri and 7^2 are -tll'ted In -the upper-rlgh-t direction In Fig. 2 
and FIG. 3. The re-talners 19 and 20 re-taln balls 17 and 18 
respectively cons-tlt:u-tlng -the rows of balls 15 and 16 ai: a 
posl-tlon wl-th clrcumf eren-tlally equal Int^erval . 
[24] The pinion shaf -t 17 Is Inserted -through -the f Irs-t Inner 

10 ring 13, and an end surface of -the flrs-t Inner ring 13 abu-ts 
an end surface of -the pinion gear 6 from 1:he axlal-cen-ter 
dlrec-tlon. The flrs-t Inner ring 13 Is sandwiched from -the 
axlal-cen-ter direction be-tween the end surface of -the pinion 
gear 6 and a plast:lc spacer 23 ext:ernally moun-ted on -the shaf -t 

15 part 9 of "the pinion shaft 7 at an Intermedla-te posl-tlon -thereof 
for se-ttlng the preload. 

[25] In -the first double row ball bearing 10, a dlame-ter of 
the ball 17 In -the large-diameter-side row of balls 15 and a 
diameter of the ball 18 in -the small-diame-ter-side row of balls 

20 16 are equal -to each o-ther, while pitch circle dlame-ters Dl 
and D2 of -the respective rows of balls 15 and 16 are dlf f eren-t 
to each o-ther. More specifically, -the pl-tch circle dlame-ter 
Dl of -the large-dlame-ter-slde row of balls 15 Is se-t -to a value 
larger -than -tha-t of -the pitch circle dlame-ter D2 of -the 

25 small-diameter- side row of balls 16. As described, -the flrs-t 
double row ball bearing 10 has a double row s structure (rows 
of balls 15 and 16) In which -the -two rows of balls have -the 
different pl-tch circle dlame-ters Dl and D2 each o-ther . 
[26] As shown In an enlarged view of Fig. 3, -the balls 17 

30 of -the large-dlame-ter-slde row of balls 15 are placed so as 
to space a-t a prede-termlned radial clearance Ofl be-tween -the 
large diameter ou-ter ring raceway 11a and -the large dlame-ter 
Inner ring raceway 13a In an Initial s-tate before assembling 
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into the differential device. The balls 18 of the 
smal 1 - d i ame ter - s ide row of balls 16 are placed so as to space 
at a predetermined radial clearance )S 1 smaller than the radial 
clearance Ofl(afl> iSl) between the small diameter outer ring 
raceway lib and the small diameter inner ring raceway 13b ±n 
the initial state before assembling into the differential 
device . 

[27] The second double row ball bearing 25 Is an oblique 
contact double row ball bearing, and consprises a single second 
outer ring 12 fitted to an inner peripheral surface of the annular 
wall 2 7B and a second assembly component 22 . The second assembly 
component 22 is assembled into the second outer ring 12 from 
the counter-pinion-gear side toward the pinion-gear side along 
the axial-center direction. 

[28] The second outer ring 12 has a structure of a counterbored 
outer ring. More specifically, the second outer ring 12 
comprises a small diameter outer ring raceway 12a on the 
pinion-gear side and a large diameter outer ring raceway 12b 
on the counter-pinion-gear side. A planar part 12c is formed 
between the small diameter outer ring raceway 12a and the large 
diameter outer ring raceway 12b. The planar part 12c has a 
diameter larger than that of the small diameter outer ring 
raceway 12b and continuous to the large diameter outer ring 
raceway 12a. Accordingly, an inner peripheral surface of the 
second outer ring 12 is thus formed in the stepwise shape. 
[29] The second assembly component 22 comprises a single 
second inner ring 14, a small-diameter-side row of balls 28, 
a large-diameter-side row of balls 29, and retainers 32 and 
33. The second inner ring 14 has a structure of a counterbored 
inner ring. More specifically, the second Inner ring 14 
comprises a ismall diameter inner ring raceway 14a and a large 
da ame ter inner ring raceway 14b . The small diameter inner ring 
raceway 14a faces the small diameter outer ring raceway 12a 



in a radial direcblon . The large dlame-ter inner rxng raceway 
14b faces the large diame'ber ou'ber ring raceway 12b ±n a radxal 
direction. Aplanarpart 14c is formed be 'tween the small diameter 
inner ring raceway 14a and the large diameter inner ring. raceway 
14b. The planar part 14c has a diameter smaller than that of 
the large diameter inner ring raceway 14b and continuous to 
the small diameter inner ring raceway 14a. An outer peripheral 
surface of the first inner ring 14 is thus formed in the stepwise 
shape . 

[30] The pinion shaft 7 is inserted through the second inner 
ring 14. The second inner ring 14 is sandwiched from the 
axial-center direction between the plastic spacer 23 for 
setting the preload and a shield 37 . 

[31] The small-diameter-side row of balls 28 are placed to 
fit on the pinion-gear side , that is , between the small diameter 
outer ring raceway 12a and the small diameter inner ring raceway 
14a. The large-diameter- side row of balls 2 9 are placed to 
fit on the counter-pinion-gear side, that is, between the large 
diameter outer ring raceway 12b and the large diameter inner 
ring raceway 14b. 

[32] In the second double row ball bearing 25 , a contact angle 
of the row of balls 28 and a contact angle of the row of balls 
29 have a same direction. In other words, a line of action 
r3 in accordance with the contact ajigle of the row of balls 
28 and a line of action T 4 in accordance with the contact angle 
of the row of balls 29 face each other in a such a direction 
that an angle 9 2 (not shown) made by the lines of action Y 
3 and TA is 0** or an acute angle (0*" ^d2<90'' ). Such a 
constitution is adopted so that the preload is imparted to the 
both rows of balls 28 and 29 in a same direction (in the present 
case, direction from the counter-pinion-gear side toward the 
pinion-gear side). Further, the lines of action Y3 and 7^ 4 
are tilted in such a direction that outer-diameter sides thereof 
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are on t:he pinion-gear side and inner-diamet:er sides -thereof 
are on the counter-pinion-gear side wi^th respect "to -the -thrus-t 
surface. To be brief, -the lines of action are -til-ted on -the 
downside in Figs . 2 and 3 . The retainers 32 and 33 re-tain balls 
5 30 and 31 respectively consti-tuting -the rows of balls 28 and 
29 at a posi-tion wi-th . circumf eren-tially equal in-tervals. 
[33] Thus, the inner-diame-ter sides of -the lines of action 
TTl and T2 of -the firs-t double row ball bearing 10 are on -the 
pinion-gear side wi-th respec-t -to the -thrus-t surface, while -the 

10 ou-ter-diame-ter sides of -the lines of ac-tion yS and T4 of -the 
second do-uble row ball bearing 25 are on the pinion-gear side 
wi-th respect -to -the -thrus-t surface, so -tha-t -the gradien-ts of 
the lines of action in accordance wi-th -the con-tact angles of 
-the bearings 10 and 25 are -thereby reverse -to each ether. Such 

15 a constitution is adopt^ed in order to reverse the directions 
where the preload is imparted in the bearings 10 and 25. 
[34] In the second double row ball bearing 25, a diameter 
of the ball 30 in the small -diameter-side row of balls 28 and 
a diameter of the ball 31 in the large-diameter-side row of 

20 balls 29 are equal to each other, while pitch circle diameters 
D3 and D4 of the respective rows of balls 28 and 29 are different 
to each other. More specifically, the pitch circle diameter 
D3 of the. large-diameter-side row of balls 28 is set to a value 
smaller -than -that of the pitch circle diameter D4 of -the 

25 V small-diameter-side row of balls 29. As described, -the second 
doxible row ball bearing 25 has a do-uble row struc-ture (rows 
of balls 28 and 29) in which the two rows of balls have -the 
different pitch circle diameters D3 and D4 to each other . 
[35] As shown in an enlarged view of Fig. 3, -the balls 30 

30 of the small-diameter-side row of balls 28 are placed to space 
at a predetermined radial clearance Of 2 between -the small 
diameter outer ring raceway 12a and -the small diameter inner 
ring raceway 14a in the initial state before assembling into 
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the differential device. The balls 31 of the 

large-diameter-side row of balls 29 are placed to space at a 
predetermined radial clearance )S 2 smaller than the radial 
clearance aZ (a2 > 0 2) between the large diam eter outer ring 
5 raceway 12b and the large diameter inner ring raceway 14b in 
the initial state before assembling into the differential 
device . 

[36] An oil-circulating path 40 is formed between an outer 
wall of the front case 3 and one side of the annular wall 27A. 
10 An oil inlet 41 of the oil circulating path 40 is opened toward 
a ring-gear-8 side of the oil circulating path 40, while an 
oil outlet 42 of the oil circulating path 40 is opened toward 
between the annular walls 27A and 27B. 

[37] The differential device 1 cosKprises a companion flange 
15 43. The companion flange 43 comprises a barrel part 44 and 

a flange part 45 formed as united with the barrel part 44 . 

[38] The barrel part 44 is externally mounted on the shaft 

part 9 of the pinion shaft 7 on the other side thereof, namely, 

on a drive-shaft side (not shown) thereof. The shield 37 is 
20 interposed between an end surface of the barrel part 44 and 

an end surface of the second inner ring 14 of the second double 

row ball bearing 25 . 

[39] An oil seal 46 is arranged between an outer peripheral 
surface of the barrel part 44 and an inner peripheral surface 

25 of an opening of the front case 3 on the other side thereof. 
A seal protective cap 47 is attached to the other-side opening 
of the front case 3. The oil seal 46 is covered with the seal 
protective cap 47 . A screw part 48 is formed at an end part 
of the shaft part 9 on the other side thereof . The screw part 

30 48 is protruded into a central recess part 43a of the flange 
part 45. A nut 49 is screwed into the screw part 48 so that 
the first inner ring 13 of the first double row ball bearing 
10 and the second inner ring 14 of the second double row ball 
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bearing 25 are sandwiched bei:ween t:lie end surface of t:he pxnlon 
gear 6 and an end surface of the companion flange 43 In -the 
axial-center direction. A predetermined preload Is Imparted 
to the first double row ball bearing 10 and the second double 
row ball bearing 25 via the shield 37 and the plastic spacer 
23. 

[40] In the differential device 1 thus constituted, a 
lubricating oil 50 Is reserved In the differential case 2 at 
a predetermined level L In a state where the operation Is halted. 
The lubricating oil 50 Is raised upward by the rotation of the 
ring gear 8 when the operation starts , travels through the oil 
circulating path 40 In the front case 3, and Is Introduced and 
supplied to upper parts of the first double row ball bearing 
10 and the second dooible row ball bearing 25. Thereby, the 
lubricating oil 50 circulates In the differential case 2 so 
as to lubricate the first double row ball bearing 10 and the 
second double row ball bearing 25. 

[41] Next, a method of assembling the differential device 
1 is described referring to a partial sectional view of Fig. 
4. In order to assemble the differential device 1, the first 
double row ball bearing 10 and the second double row ball bearing 
25 are assembled in advance. Before the first double row ball 
bearing 10 is assembled, the radial clearance )8 1 is adjusted 
to be smaller than the radial clearance Of 1 as described earlier . 
More specifically, the respective parts of the first double 
row ball bearing 10 are formed so as to obtain the foregoing 
relationship between the clearances, and further, shapes of 
the respective parts are adjusted so that the clearances in 
the predetermined state can be obtained In the assembly. 
[42] Before the second double row ball bearing 2 5 Is assembled, 
an clearance between the small*dlameter-slde row of balls 28, 
and the small dlsuneter outer ring raceway 12a and the small 
diameter inner ring raceway 14a Is adjusted so that the radial 
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clearance & 2 is smaller than the radial clearance Of 2 as 
described earlier. More specifically, the respective parts 
of the second double row ball bearing 25 are fojnned so as to 
obtain the foregoing relationship between the clearances, and 
5 further, shapes of the respective parts are adjusted so that 
the clearance In the predetermined state can be obtained In 
the assembly. 

[43] After the foregoing adjustments and preparations are 
made, the first double row ball bearing 10 Is disassembled Into 

10 the first outer ring 11 and the first assembly coznponent 21, 
and the second double row ball bearing 25 Is disassembled Into 
the second outer ring 12 and the second assembly coinponent 22 . 
Then, the first double row ball bearing 10 and the second double 
row ball bearing 25 are Incorporated Into the differential 

15 device 1. More specifically, the first outer ring 11 and the 
second outer ring 12 are respectively pressed into the annular 
walls 27A and 27B. More specifically, in a state where the 
front case 3 and the rear case 4 are still separated, the first 
outer ring 11 is incorporated into the front case 3 and further 

20 pressed in the axial-center direction from the one- side opening 
of the front case 3 until it abuts a step part formed on the 
annular wall 27A. Then, the second outer ring 12 Is pressed 
In the axial-center direction from the other-side opening of 
the front case 3 until it e^Duts a step part formed on the annular 

25 wall 28B. 

[44] The first assembly component 21 (specifically, first 
inner ring 13) Is Inserted through the pinion shaft 7. Then, 
the first assembly component 21 Is Incorporated Into the pinion 
shaft 7 so as to locate on the plnlon-gear-6 side of the shaft 
30 part 9 of the pinion shaft 7 . 

[45] Theplnlon shaft 7 Into which the first assembly component 
21 Is Incorporated Is Inserted through the one-side opening 
of the front case 3 from the small-diameter side thereof . At 
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the -time, the pinion shaft 7 is inserted so that the balls 18 
of the small-diameter-side row of balls 16 of the first assembly 
component 21 are fitted into the small -diameter outer ring 
raceway lib of the first outer ring 11. Further, the pinion 
5 shaft 7 is inserted so that the balls 17 of the 
large-diameter-side row of balls 15 are fitted into the 
large-diameter outer ring raceway 11a of the first outer ring 
11 . In order to realize the assembly process described above, 
the small -diameter- side row of balls 18 is arranged to be closer 
10 to a rear side in the direction where the pinion shaft 7 is 
inserted (the counter-pinion-gear side) than the 
large-diameter- side row of balls 16. 

[46] Next, the plastic spacer 23 is inserted by externally 
fitting to the shaft part 9 of the pinion shaft 7 from the 

15 other-side opening of the front case 3. S^lb sequent ly, the 
second assembly component 22 (specifically, second inner ring 
14) is inserted by externally fitting to the shaft part 9 of 
the pinion shaft 7 from the other-side opening of the front 
case 3 . In order to realize the f otegoing insertion by 

20 externally fitting, the small-diameter- side row of balls 28 
is arranged to be closer to a rear side in the direction where 
the pinion shaft 7 is inserted (pinion-gear side) than the 
large-diameter- side row of balls 29. 

[47] Thereafter, the shield 37 is inserted through the shaft 
25 part 9 of the pinion shaft 7 from the other- side opening of 
the front case 3. Further, the oil seal 46 is fixed on the 
shaft part 9 of the pinion shaft 7 from the other-side, opening 
of the front case 3. The seal protective cap 47 is mounted 
on the other-side opening of the front case 3 . The barrel part 
30 44 of the companion flange 43 is inserted through the seal 
protective cap 47 so that the end surface of the barrel part 
44 abuts the shield 37. Then, the nut 49 is screwed into the 
screw part 48. Thereby, a thrust load is imparted to the first 

15 : 



double row ball bearing 10 and -the second double row ball bearing 
25, and a prede-termxned preload Is Impar-ted -bhere-to. The 
direction t:o impart: -the preload id done as below. The preload 
is iinpar-bed tio the first: double row ball bearing 10 along the 
5 direction from the pinion-gear side "toward the 
counter-pinion-gear side , while t:he preload is imparted t:o the 
second double row ball bearing 25 along the direction from the 
counter-pinion-gear side toward t:he pinion-gear side . Thus , 
the preload is imparted t,o -the first and second double row ball 

10 bearings 10 and 25 in the reverse directions. 

[48] In -the differential device 1, the radial clearance 0 
1 is set -to a value smaller than that: of the radial clearance 
Of 1 . Therefore, when the 'thrust load for imparting -the preload 
is applied to the first double row ball bearing 10, t:he balls 

15 18 of the small -diameter- side row of balls 16 are fitted into 
the raceways lib and 13b at the predetermined contact angle 
before the balls 17 of the large-diameter-side row of balls 
15 are fitted into the raceways lib and 13b, and thereby the 
rotation torque is generated. 

20 [49] In the same way, in the differential device 1 , the radial 
clearance ^ 2 is set to a value smaller than that of the radial 
clearance Of 2 in a similar manner. Therefore, when the thrust 
load for iniparting the preload is applied to the second double 
row ball bearing 25, the balls 31 of the large-di ameter-side 

25 row of balls 29 are fitted into the raceways 12b and 14b at 
the predetermined contact angle before the balls 30 of the 
small-diameter-side row of balls 28 are fitted into the raceways 
12a and 14a, and thereby the rotation torque is generated. 
[50] In the first double row ball bearing 10 and the second 

30 doxible row ball bearing 25, the initial rotation torques are 
obtained as described, and the larger thrust load which is 
further applied so that the preload at a necessary level is 
applied. Explanation is given below. 
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[51] In -the st^a-be where t:he ±n±ti±al ro-ba-blon -borques are 
genera-ted, as described, 'bhe radial clearance 1 , ^ha^ Is on 
-bhe side of "the smaller clearance. Is reduced, and 'the balls 
18 of the small -dl ame ter - s Ide row of balls 16 , -the small diameter 
5 outer ring raceway lib and the small diameter inner ring raceway 
13b are thereby already fitted with respect to one another at 
the predetermined contact angle in the first double row ball 
bearing 10, while the radial clearance )3 2 , that is on the side 
of the smaller clearance, is reduced so that the balls 31 of 
10 the large-dlameter-side row of balls 29 and the raceways 12b 
and 14b are fitted with respect to one another at the 
predetermined contact angle in the second double row ball 
bearing 25. 

[52] When the thrust load is further Imparted to the first 

1 5 double row ball bearing 10 and the second double row ball bearing 
25 In the described state, the radial clearance 0^1, that Is 
on the side of the larger clearance. Is reduced so that the 
balls 17 of the large-diameter- side row of balls 15 and the 
raceways 11a and 13a are fitted with respect to one another 

20 at the predetermined contact angle in the first double row ball 
bearing 10, and thereby the rotation torque is generated. In 
a similar manner, the radial clearance 0^2, that is on the side 
of the larger clearance, is reduced so that the balls 30 of 
the small-diameter-side row of balls 28 and the raceways 12a 

25 and 14a are fitted with respect to one another at the 
predetermined contact angle in the second double row ball 
bearing 25, and thereby the rotation torque is generated. 
[53] By slightly shifting the fitting timing in the 
respective rows of balls as described, the rotation torque 

30 is selectively obtained in the row of balls 16 alone in the 
first double row ball bearing 10, and thereafter the rotation 
torque resulting from the synthesized rotation torques of the 
rows of balls 15 and 16 is obtained with a time lag . In a similar 

17 



manner, xn -the second double row ball bearing 25, -the ro-ta-tdLon 
-torque xs selectively obt;axned xn i:he row of balls 29 alone, 
and -thereafter tJie ro-ta-txon -torque resul-txng from -the 
syn-thesxzed ro-tatxon -torques of -the rows of balls 28 and 29 
5 is ob-taxned with a -time lag. Accordingly, a maximum ro-ta-tlon 
-torque -thereby ob-talned Is Increased, which expands -the range 
of -the adjus-table -torque. The adjus-tment range of -the preload 
to be se-t Is thereby Increased, and "the preload con-trol Is 
consequen-tly f aclll-ta'ted. 

10 [54] A graph of Fig. 4 shows a rela-tlonshlp be-tween -the -thrust: 
load S (preload) Impar-ted -to the oblique con-tact do-uble row 
ball bearing and the ro-ta'tlon t:orque T corresponding -to -the 
-thrus-t load S. The -thrus-t load applied 1:0 i:he oblique con-tac-t 
do-uble row ball bearing can be known -through the measuremen't 

1 5 of the rota-tion -torque T . 

[55] In the drawing, a broken line 60 shows a result of the 
conventional oblique contact double row ball bearing (double 
row ball bearing In which the pitch circle diameters of the 
respective rows are different to each other) , while a solid 

20 line 61 shows a result of the first and second oblique contact 
double row ball bearings 10 and 25 according to the present 
Invention (oblique contact double row ball bearings In which 
-the pitch circle diameters of -the respective rows are different 
to each other) . Comparing a tilt of the broken line 60 to -that 

25 of the solid line 61 to each other, the tilt of the solid line 
61 Is larger -than that of -the broken line 60 . A reason Is 
described below. 

[56] As described. In -the first double row ball bearing 10, 
-the balls 18 of the small -diameter- side row of balls 16 and 
30 -the raceways lib and 13b are first fitted with respect to one 
another so that the Initial rotation torcjue Is generated, and 
-thereafter , -the balls 17 of the larige-dlameter-slde row of balls 
15 and the raceways 11a and 13a are fitted with respect to one 
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another so that the rotation torque ±s further generated. 
[57] In a sdLmilar manner , ±n the second double row ball bearing 
25, the balls 31 of the 1 ar ge -d i ame ter - s Ide row of balls 29 
and the raceways 12b and 14b are first fitted with respect to 
5 one another so that the Initial rotation torque Is generated, 
and thereafter, the balls 30 of the small-diameter- side row 
of balls 28 and the raceways 12a and 14a are fitted with respect 
to one another so that the rotation torque Is further generated. 
[58] As a result, the rotation torque can be largely set and 

10 the range of the torque to be set can be Increased In comparison 
to the conventional oblique contact double row ball bearing 
In which the balls of the both rows are simultaneously fitted 
Into the raceways , and the gradient of the full line 61 Is larger 
than that of the broken line 60 . 

15 [59] Description is given here, for example, to a case where 
it is tried to obtain the ^^S2" value as the thrust load S 
referring to a graph shown in Fig. 5. Because the tilt of the 
solid line 61 is larger than that of the broken line 60, the 
adjustment range of the rotation torque T corresponding to the 

20 ^^S2'' value is Tl in the broken line 60 (conventional example) , 
while the adjustment rage of the rotation torque T is T2 in 
the first and second double row ball bearings 10 and 25 according 
to the present invention, that Is, It Is T2 > Tl . Therefore, 
when the thrust load S2 Is applied so that the seuae preload 

25 Is obtained, the range for the adjustment Is larger In the first 
and second double row ball bearings 10 and 25 according to the 
present Invention than In the conventional oblique contact 
double row ball bearing. As a result, the preload can be 
accurately and easily applied. 

30 [60] Consideration Is done about a case where the thrust load 
^'S2" to be Imparted Is In the range from ^'Sl" through ^^S3" In 
terms of Its tolerance. In this case, the adjustment range 
of the rotation torque T In the conventional oblique contact 
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double row ball bearing is T3, while the adjustment range of 
the rotation torque T is T4 in the first and second double row 
ball bearings 10 and 25 according to the present invention, 
that is, it is T4 > T3 as shown in Fig. 5. Thus, even in this 
case, the first and second double row ball bearings 10 and 25 
according to the present invention can achieve the adjustment 
range wider than that of the conventional double row ball bearing 
when it is tried to obtain the same pireload. As a result, the 
thrust load S (preload) can be accurately and easily applied. 
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